Abstract. We examined how showing a film backwards (reverse transformation) affects the visual perception of biological motion. Adults and 6-year-old children saw first a point-light quadruped moving normally as if on a treadmill, and then saw the same display in reverse transformation. For other groups the order of presentation was the opposite. Irrespective of the presentation mode (normal or reverse) and of the facing of the point-light figure (rightward or leftward), a pronounced apparent-facing effect was observed: the perceptual identification of a display was mainly determined by the apparent direction of locomotion. The findings suggest that in interpreting impoverished point-light biological-motion stimuli the visual system may neglect distortions caused by showing a film backwards. This property appears to be robust across perceptual development. Possible explanations of the apparent-facing effect are discussed.
Introduction
In a variety of natural situations, when form cues are corrupted because of lighting conditions or occluding objects, the ability to extract accurate perceptual information based only on the dynamic outline of a biological organism is of extreme importance for adept interaction with an ever-changing environment. Almost thirty years ago, Gunnar Johansson (1973) showed that adults readily identify displays consisting of a set of lights on the joints of a human figure moving in a dimly illuminated room. Subsequent research has revealed that the sensitivity to point-light biological motion emerges early in perceptual development (eg Bertenthal et al 1985; Fox and McDaniel 1982) . Irrespective of highly restricted featural information available in point-light displays, biological motion is sufficient for reliable recognition of human and nonhuman forms by adults and young children (Mather and West 1993; Mitkin and Pavlova 1990; Pavlova et al 2001) . Yet, the mechanisms underlying veridical perception of biological motion still remain unclear.
One possible way to explore biological-motion processing is to introduce distortions in a point-light display. For example, it is well established that the visual system robustly tolerates embedding a point-light figure into a simultaneous moving-dot mask (eg Cutting et al 1988; Pavlova and Sokolov 2000) . Observers determine the facing (rightward or leftward) of a camouflaged walker despite variations in mask complexity (Cutting et al 1988) , in interframe interval (Mather et al 1992; Thornton et al 1998) , and in the`lifetime' of dots across consecutive frames (Neri et al 1998) . When perceiving point-light stimuli, adults endure changes in location and number of dots on the walker's body (Cutting 1981; Kozlowski and Cutting 1977) , in dot contrast and spatial frequency (Ahlstro« m et al 1997) , or in exaggeration of temporal properties of articulatory arm movements (Hill and Pollick 2000) . Observers recognise a stick walker through multiple apertures that make the motion of each visible edge ambiguous (Shiffrar et al 1997) . Discriminating between`texture-defined' point-light quadrupeds, observers tolerate variations in reversed polarity (Bellefeuille and Faubert 1998) , while the ability to discriminate canonical from phase-scrambled point-light actors is markedly diminished with reduction in luminance (Grossman and Blake 1999) .
Biological motion shown backwards: the apparent-facing effect
Processing constraints in biological-motion perception appear to be hierarchically nested. For instance, constraints connected to image-plane display orientation are likely to be more powerful than other constraints such as position cues or occlusion. By 9 months of age, infants discriminate an upright point-light walker from a similar display without occlusion between moving dots, but they are unable to discriminate between the same figures inverted 1808 (Bertenthal et al 1985) . However, even the orientation constraints are graded in their influence. With 908^1808 orientations, biological-motion perception is drastically impeded, whereas a limited range of deviations from the upright orientation does not appear to substantially affect recognition and detection of a point-light walker (Pavlova and Sokolov 2000) . Likewise, observers tolerate distortions caused by changing the presentation rate to about 0.5 times faster or slower than normal (Pavlova 1995 ). Yet, a more pronounced change in presentation rate impedes gender discrimination in point-light displays (Barclay et al 1978) .
In this study, we examined whether the perceptual system is sensitive to distortions elicited by reverse transformation of biological motion. Normal and reverse presentations of biological motion are symmetrical from the formal point of view, but might be asymmetrical in the ecological sense (Gibson 1966; Gibson and Kaushall 1973) . Increasing`daily' experience with video clips tells us that many natural events (eg waterfalls) including different types of locomotion are irreversible and look extremely unrealistic when shown backwards. However, with the exception of a few mainly theoretical attempts to clarify the issue, the influence of reverse transformation has been largely neglected in experimental research on event perception. The goal of experiment 1, therefore, was to establish whether and, if so, how reverse transformation affects perception of structurally impoverished point-light displays. With this purpose in mind, participants were presented with a point-light quadruped, that is, a configuration without an elongated axis of symmetry, shown either forwards or backwards. We varied the facing of the figure and the order of normal and reverse presentations.
2 Experiment 1: The effect of reverse transformation 2.1 Method 2.1.1 Subjects. The participants were sixty-four adult volunteers (aged from 21 to 32 years) with normal or corrected-to-normal vision. They were na|« ve as to the goals of the study, and were run individually.
2.1.2 Stimuli and apparatus. We used a point-light display of a dog depicted in animated cartoons. The display consisted of an array of seventeen bright dots placed on the main joints of an invisible quadruped moving against a dark background (figure 1). It was seen in a sagittal view, moving with no net translation. The stimuli were synthesised on a Hewlett-Packard (HP) 1000L computer equipped with an HP 1350A display system, and were projected onto a screen which subtended 50 deg by 42 deg. A point-light configuration subtended a visual angle of 5.5 deg height and 9.2 deg in width at the most extended point of a gait cycle at a viewing distance of 2 m from the screen. Each moving dot subtended 0.23 deg. A gait cycle was accomplished in thirty-two frames with a frame duration of 55 ms. This resulted in a walking speed of about 34 complete cycles per minute. The display contained occlusion between the dots during a step cycle.
2.1.3 Procedure and design. Each of four independent groups of observers (n 16, equal numbers of males and females) saw two presentations of a display. Two groups first saw a point-light quadruped (facing either right or left) with a normal mode of presentation, and then the same film shown backwards. For the other two groups the order of film presentations was the opposite. The observer sat in a dimly illuminated room. Each trial began with a warning tone. For each presentation, the viewing period was 15 s. Because we were mainly interested in bottom^up processing, a spontaneousrecognition paradigm was employed. Observers were completely unaware as to the nature of the stimuli. They were not informed that the same film would be presented to them twice. They had an explicit identification task: they were asked to recognise the display, and were instructed that both accuracy and response time were important. The participants had first to press a key as soon as the display was recognised, and then to give a verbal report. They were asked to make drawings of the figure and of the direction it was facing and moving. A report about the locomotion of a quadruped in accordance with its facing (right or left), presentation mode (forward or backward), and apparent direction of locomotion was considered correct. There are several stimulus parameters that may define the correct response. For example, fine-grained structural relations such as angles between moving dots on the main joints of legs define the correct facing (Cutting et al 1988) . After each presentation, the observers were asked to give a confidence rating of their response on a seven-point unipolar scale (7 öabsolutely confident; 1öabsolutely unconfident). After the task was completed, observers were asked to give a confidence rating for their response to the first display again, because we were interested in how the second presentation affects confidence in the first response. No feedback regarding performance was given.
Results and discussion
Following the first presentation, all observers reported seeing a quadruped or two walkers following each other (see figures 2 and 3). They were able to extract the invariant structure from biological motion regardless of the mode of presentation. The most interesting finding, however, is that both with normal and with reverse transformations, the perceptual interpretation of a display by na|« ve observers was determined by the apparent direction of locomotion. That is to say, regardless of presentation format, if the apparent direction of locomotion was to the right, the configuration was identified as a figure whose face was on the right side. For example, the display that was interpreted as`a giraffe moving to the right' was named`a cat with tail lifted' when the film was shown backwards (see figure 2) . We refer to this phenomenon as the apparent-facing effect. Accordingly, the number of correct responses (see section 2.1.3) was much higher with normal than with reverse transformation (Z 7X02, p 5 0X001; figure 4a ). Overall, confidence in the response was high (figure 5, leftmost symbols). As revealed by a two-way analysis of variance (ANOVA) with factors mode of presentation (normal, reverse) and direction of facing (right, left), neither factor affected confidence. This analysis suggests that in interpreting point-light stimuli the perceptual system mainly relies upon the perceived direction of locomotion. This raises the question as to whether observers are sensitive to distortions produced by reverse transformation.
In order to clarify this matter, we analysed a number of additional measures of performance. An ANOVA revealed a highly significant main effect of transformation on response time, which was shorter for normal display presentations (F 1 60 9X22, p 5 0X01). When the display was shown backwards, the number of different interpretations of the display within a group was greater than with normal presentation (w 2 3X92, p 5 0X05). The`backwards' display was often interpreted as consisting of two or several objects (eg`two workers carrying a tube', see figure 3), whereas normal presentation always resulted in an impression of a single unit (w 2 10X47, p 5 0X002). It appears, therefore, that na|« ve observers exhibit a kind of sensitivity to the distortions caused by reverse transformation.
In both of the groups that started with normal presentation, most of the participants (75%; figure 4a ) kept the previous naming of a point-light figure, indicating that the apparent-facing effect was substantially diminished. Accordingly, the confidence rating of the first interpretation repeated after the second (reverse) presentation was higher than the first rating (t 15 3X33 and 3.11, p 5 0X01, for facing right and left; figure 5, leftmost and rightmost squares). Response time to the reverse presentation was significantly longer than that for the normal presentation (t 15 2X46 and 2.11, p 5 0X05, for facing right and left, respectively).
In the groups that started with reverse presentation, all observers changed their perceptual interpretations when normal presentation was subsequently shown (figure 4a). The number of observers who changed the descriptive label for the display was greater in both of the groups that started with reverse as compared with those that started with normal display presentation (Z 5X00, p 5 0X001). However, in the groups that started with the reverse transformation, the difference between the first confidence rating and the rating repeated after the second presentation was not significant (figure 5, leftmost and rightmost circles). This confirms that the apparentfacing effect also occurs when the normal transformation follows the reverse one. The main outcome of this experiment may be summarised as follows. (i) Adults are able to extract the invariant structure from biological motion irrespective of the mode of presentation. (ii) The perceptual identification of a point-light configuration is mainly determined by the apparent direction of locomotion. This`apparent-facing' effect was observed in groups of na|« ve observers, and was partly independent of the order of presentations. The facing of a point-light figure does not affect the apparentfacing effect. (iii) The apparent-facing effect occurs in spite of the fact that observers exhibit a kind of sensitivity to distortions caused by reverse presentation.
3 Experiment 2: Children viewing backward presentations Experiment 2 was conducted to test the ability of children aged 6 years to perceive biological motion shown backwards. Of particular interest was whether the apparentfacing effect observed in experiment 1 emerges early in perceptual development. That is to say, whether the apparent direction of locomotion serves as a decisive factor for the perceptual identification of point-light displays by children as well as by adults.
3.1 Method 3.1.1 Subjects. The participants were twenty-eight child volunteers (aged from 5 to 7 years, mean age of 6 years 3 months, SD 4 months) with normal or corrected-to-normal vision.
3.1.2 Stimuli and procedure. The experimental set-up was essentially the same as in experiment 1. The only difference was that to simplify the design we did not use variations in the facing of the quadruped: it was always presented facing right. One group of observers (fourteen participants, equal numbers of boys and girls) was first presented with a point-light quadruped in normal transformation. For the second presentation, the same film was shown backwards. The other group started with the reverse transformation. For each presentation, the viewing period was 15 s. This stimulus duration is sufficient for reliable recognition of point-light displays by children at this age (Pavlova et al 2001) . We did not use rating procedures in this experiment.
With the normal display presentation, all children reported seeing biological motion. This agrees with previous data (Pavlova et al 2001) indicating that preschool children are able to recognise point-light biological motion. When the film was shown backwards, three na|« ve observers failed to perceive point-light figures, though the difference between the groups was not significant. With normal or reverse transformation, children named the display according to the apparent direction of locomotion. Figure 4b shows that, as in adults, the percentage of correct responses (see section 2.1.3) was much higher with normal than with reverse transformation (Z 4X89, p 5 0X001). This indicates that the apparent-facing effect occurs by 6 years of age.
As in adults, response time for the normal presentation was systematically shorter than that for the reverse presentation (means of 9.93 s, SE AE2X26, and 13.14 s, SE AE1X66, respectively), but the difference did not reach significance (t 26 0X43, ns). The number of different interpretations of the display was greater in the group with reverse than with normal presentation (w 2 5X60, p 5 0X02). In the group that started with reverse transformation, all children changed their interpretations once normal presentation was shown (figure 4b). As in adults, in the group of children that started with normal presentation, response time to the display in reverse transformation was significantly longer (t 13 3X54, p 5 0X05). In the group that started with normal presentation, about 70% of participants kept the previous name for the display. As in adults, therefore, the facing effect is diminished when children are first presented with the normal presentation, and then the film is shown backwards. Accordingly, the number of participants who changed the display interpretation was greater in the group that started with reverse presentation than in the group that started with normal presentation (Z 3X37, p 5 0X001).
Overall, experiment 2 produced a pattern of results in children similar to that observed for adults. We have obtained the apparent-facing effect in the perception of biological motion by 6-year-old children.
4 General discussion Natural events including different types of locomotion reflect the regularities in the environment such as the gravitational force and, therefore, appear to be irreversible. Yet the influence of reverse transformation has been largely ignored in studies of visual perception. Here, we examined how showing a film backwards affects the perception of impoverished point-light biological-motion stimuli. We have demonstrated that both adults and 6-year-old children, irrespective of presentation mode, readily extract an invariant structure from biological motion.
The central finding from the present work, however, is that both in children and in adults apparent direction of locomotion determines the perceptual identification of a point-light configuration. For the first time, we have documented this phenomenon in biological motion, and refer to it as the apparent-facing effect. This effect is similar to an early observation of perceptual identification in baby geese (Tinbergen 1939 (Tinbergen , 1951 . Goslings exhibited a fear response when a silhouette of an ambiguous gooseĥ awk figure moved in a direction that made it resemble a hawk, but not when it moved in the opposite direction, which made it look like a goose. Bernstein and Cooper (1997) replicated this effect in adult humans: observers have consistently tended to identify ambiguous configurations such as the goose^hawk (Tinbergen 1951) or the rabbit^duck (McBeath et al 1992) as the picture which faces in the direction of translational motion. The effect was not completely suppressed even in the presence of conflicting shape information.
The existence of apparent facing in biological motion is intriguing. In contrast with ambiguous static figures shown in nonspecific (for the depicted objects) motion (eg a rabbit that never hops), point-light displays contain some stimulus parameters that determine veridical display interpretation [for instance, angles between dots on the joints of the legs; Cutting et al (1988) ]. Verfaillie's (1993) findings suggest that the visual system is sensitive to the facing of a human body in point-light displays. The short-term visual priming for walkers sharing the same facing was not tempered when priming and primed displays differed in the starting position in the gait cycle, locations of points on the body, positions of walkers in the visual field, or in the mode (normal or reverse) of presentation. When observers discriminated between human and nonhuman configurations or between forward and backward articulatory movement of a point-light walker, response time was longer for the display shown backwards, but the difference was significant only for translational motion (Verfaillie 1993 (Verfaillie , 2000 . Fujimoto and Yagi (2000) reported that discrimination of direction of articulatory movements of a human figure is strongly affected by the direction of translational motion that produces an impression of reverse articulatory movements. Given that the translational component of movement was subtracted from the display in our study, the apparent-facing effect reported here appears to be even more arresting.
Why does the apparent-facing effect occur in the perception of biological motion? Why do observers neglect stimulus information determining correct facing in favour of apparent direction of locomotion? One possible explanation is that in natural settings we usually have access to redundant visual information. In situations where featural information is reduced, the perceptual system relies upon more salient and ecologically important sources. From an evolutionary point of view, the existence of an effective detector for the direction of locomotion is plausible, since it can signal actions either of a predator or a prey. In fact, the facing effect occurs in the absence of sufficient featural information, and is facilitated when fine details are eliminated (Bernstein and Cooper 1997) . On the other hand, featural characteristics such as an axis of elongation or symmetry influence the perceived direction of motion (Morikawa 1999) . Previous experience with objects biases the perceived direction of motion as well. Brosgole and Whalen (1967) reported that an inducing object was more effective when it induced an airplane to move forward rather than backwards.
An alternative way of reasoning is to claim that, when a display is shown backwards, in contrast with actual locomotion backwards, there is a mismatch between stimulus kinematics and natural dynamics. In other words, a display shown in reverse transformation looks different from the filmed backward locomotion. Dynamic information about the nature of an object involved in biological motion is easily extracted by the visual system (Barclay et al 1978; Runeson and Frykholm 1983) . Children aged 4^5 years were also shown to be sensitive to dynamic information in events (Kaiser and Proffitt 1984) . The discrepancy between the fine-grained structural relations that indicate veridical facing and the unrealistic dynamics for backward locomotion might provoke the apparent-facing effect. Actually, in the present study, the facing effect was substantially diminished for those participants in which reverse display presentation followed the normal one.
The establishment of the apparent-facing effect in biological motion constitutes an initial step in its investigation. Comparison of veridical forward and backward locomotion in point-light displays, for example, introduces an additional experimental variable. However, taking into account that natural locomotion backwards is relatively infrequent for our visual experience and usually lasts only for a short time, it seems logical to hypothesise that the apparent-facing effect would be even more pronounced with actual locomotion backwards shown in reverse presentation. If featural information is largely corrupted or contradictory, the apparent direction of locomotion appears to be responsible for the case when a giraffe is mistaken for a cat with tail lifted. It would be interesting to test whether the apparent-facing effect occurs with point-light walkers, because such displays have a much more pronounced elongated axis of symmetry. Moreover, the visual system appears to be especially tuned to human locomotion, and therefore the facing effect might be weaker or even disappear with this kind of stimuli. Here, we have documented the apparent-facing effect in biological motion by using point-light configurations without an elongated axis of symmetry, and have shown its robustness over the course of perceptual development.
